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The purpasce of this project 1s to investigaite in the laboratory the
options avaiiable for treating high--sulfur coal refuse materials cither
at the preparation plant or during disposal toe prevent or reduce suh-
sequent releanses of environmentally harmful trace clements during wastce
dunp weather ing and leaching., Such control technolopy might include (1)
chemical or phvsical processing to remove the undesirable clements from
the refuse or treating the refuse matertals to imnobilize these elemcnts,
(2) applving neatrallzing avents, adsorbents or scalants ot the refuse dump
elte, aud husving, orading, and compocting the waetc mateivials to coatrol
the flow of water and alr through refuse piles or (3) treating the contam—
inated dralnapce itself tu roduce the contaminant concentration to
environmentally ascceptable levels. These three basic environmental centrol

cateporics arce discussced in this presentatilon.

Calcining to irmobilize rifusc constituents

The possibility that the release of toaic trace elements into the
environment can be controlled by pre-treatment of coal preparation wastes
has been investigated cxperimentally, Onc approach that we are examining
is that of heat-trcating the wastes to form what appears to be a glass-
like structure that apparently locks the trace clements in the matrix and
prevents their escape.

Scveral sets of calcining and leaching experimentsz were conduc.ed to
determine optimum hiecat treatment conditions necessary te chemilcally immobilize
the potentially toxlc trace elements in the refuse matrix, . These experiments
wvere perforied using hipgh sulfur coal preparation waste from a plant in the

11linois Basin. 7he waste was pground to =20 mesh and ealeinaed in air at
| u
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600°C, 800°C 1000°C, and 1200°C for 2 h. The calcined residues were then
statically lcached (stirred with distilled n20) for a period of 48 h using
a ratio of 4 m? H20 to 1 g of calcined refuse, and pH's and total dissolved
solids dctermined.

The effect of the refuse calcining trcatments on the mineral composition
of the refuse is illustrated by Tables 1 and II. Table I delincates the
changes in refuse mincralopgy that have occurred as a function of heat treat-
ment Table II prescnts the mlncral conversion reactions that occur at high
temperature. It is seen from Table I that the twe most environmentally
active species, pyrite (marcasitce) and calcite, have heen transformed to
high temperature phases by 600°C. By 1000°C even the clay minerals have
been converted to structurally indefinable aluminosilicates. The x-ray
diffraction analyses reported in Table I confirm that the minceralogical
transformations listed in Table IT have been effected by heat treatment in
the range of 800 to 1000°C. Physically the samples calcined at 1000°C were
fused or sintered at partlele surfaces.

The succees of the caleiniug treatwent at roeducir~ trace element
releases during reluse leaching i1s illustrated by Tabi: .1I, which lists
trace elcment data from a comparison leaching test of calecined and uncalcined
refuse samples. The refuse samples referrced to in the table had been sub-
Jected to statie lcaching for 48 h, It 1is scen that te concentrations of
the group of toxic clements listed are reduced in the leachates frem the
calcined rcfuse by as much as two orders cf magnitude wver the concentration
in the raw refusce lcachates. lLeaching experiments were also conducted
using acid solutions (pil < 2) with cssentially the same results.

Cnleining of acid coal refuse materlals prior to 4isposal could
producce several bencficial effects. Foremost among these is the conversion
of an active, highly polluting waste material into a ctemically and
geologically inert mass that can be easily and safely {isposed almost
anywhere with ordinary landfill practices. Tn so doiig calcining presents
a highly cffcetive and permanent solution to a most diificult waste control

problem. A corellary to this is that the calcined refese materials might be



TABE 1

EFFECTS OF CALCINIKG ON COAL RLFUSE MINFRALOGY

CORUNDIY
CLAYS ARTZ CALCITE A TITE 1
Uncalcloed ﬂ E
€00
800
1000 1 E
J200
2ABLE 1I

HIGH SULFUR COAL REFUSE
HIGR TEXPERATURL MINERAL TRANSFOURMATIONS

Claya Cowplex Aluminosilicater
Calcite Ca0 + CO2 4

Pyrite

)h:zasite F2203 ! 502 !

Quartz Quartz

classified as nonhazardous under the eriteria developed in conjunction with
the Resource Conscrvation and Recovery Act (PCRA). This civecunmvents tho

need to meet the cumbersome and costly permit and performance requircments
that RCRA dictates for the disposal of hazardous wastes, a category into
which much,if not all,untrecated high sulfur refuse matertals will undoubtedly
fall. Lastly, there is high potential for the recovery of bhy-products in
connection withrefuse calciving that does nat exist for many of the other
control technology schemes, Potentially rccoverable products include sulfur,

iron, and agprecated materials.



TABLE ITI

Trace Element Leachability of a High Sulfur Coal
Refuse Sample Calcined at 1000°C

Element ' Uncalcined Refuse Calcined Refuse
a* 100 0.4
Fe 600 T < 0.03
Mn 5.8 | 0.03
Co 2.8 < 0.01
Ni 4.8 0.01
Cu 0.10 0.01
Zn 2.8 . 0.05
cd(ppb) 68 0.3
pH 2. : 8.0
TDS(Z) 1.4 0.2

8) cachate concentration reported as ppm unless otherwise noted (59 &
crushed refuse/200 ml H20/48 h)

Codisposal of Westes with Alkaline Materinls

Oune of the major conclusions from our carlicr stulies of the environ—
mental behavior of coal refuse materials coocernced the importance of pll
in econtrolling trace element rceleases during refuse larehing, In all
instances when leachate pll was maintalned at or near the ncutral point,
only minimal amounts of trace clements were solvated br the leachates.,
Conversely, when oxidative degradation of the pyritic materizals in the
refuse caused leachate acidities to bulld up, substant?*1 quoantlitices of
such envirommcntally troublesome elemcents as Fe, Al, M. Cu, Co, and Ni were
solvated by the acid leachates. This marked dependenc the Jdegree of

trace clement contaminatioa of refuse leachates on le. . pll suggested



that a fruftful means of preventing trace element releases from discarded
refuse materinls would be to add neutralizing agents to the refuse prior to
disnosal to reduce leachate acidity, in situ, os it 1s formed.

Column leaching experiments thatutilized mixtures of powdered lime
and high sulfur refuse were conducted to test the effectiveness of this in
situ ncutralization concept. These experiments proved to be very fruitful,
For these experiments, powdered lime in varying amounts (3 to 50 g) was
slurricd in 150 wl of dlstilled water with -3/8 in. high-sulfur coal refuse
(530 g, from Il1linois Lasin Plant B). The resultant mixture was subscquently
dricd in air av 50°C and recrushed to =~3/8 in. particles. Four different
line concentrations were employed, 0.5, 1.5, 3, and 10% (by weight).

Coluim Jeaching cxkperiments were conducted with about 500 g of each
of the above sanples to determine the effects of the lime additions. The
refuse mixtures were packed into pyrex columns 25 cm long by 5 cm diameter
and tulscquently leached with distilled water at a flow rate of 0.5 w?/min
until morce than 4 £ water had been passed through the refuse beds.

A consistent pattern of the ceffects of the lime additions emerges
from Lhiese dota.s The W7o of 0.5 and 1,5 wt? lime ta the acid refuse
had only a small influcnce on leachate pH and trace 2lement concentration
because the acdd neutralization provided by these amounts of lime was
overvhelmed by the acild gencerating capability of the refuse. The additions
of 3 and 10 wtZ of ldue, on the other hand, did indeed effectively counter-
act the acld propervics of the refuse; the pl of the leachates for these
two systems is highery TDS values are relatively low, and the trace element
concentrat ions dre depressed.

The eystem containing 3 wt? XMue ds especially iateresting becausie
a lcachate plil of 7 wan maintalned for nearly the entire duration of the
concinuous part of the leaching experfment (until 4.2 £ had been passed
through the coluimn).  THS values for this refuse=lime combination woere also
very respectable (ranglng dewhward from about 0.6 wt?) especially consider-
Ing that the dissolution of the lime {tselfl adds substantlally to the
disnsolved solids content of Lhe solutfon. By the end of the leaching ox-
periment, concentratlons of troubletome trace elements, cspecially Fe and

Mn, had been reduced to environmeataltly acceptable levels,



The codlsposal of alkaline agents such ac lime with acidic coal rohpse
matcerials does appear to be an attractive option for controlling trace
element contamination of disposal area drainages. The technique 1is only
moderately costly (we estimate $0,.50 to $1.00 per ton of clcancd coal) and
appcars to be a highly effective means of preventing the relcase nf a con-
taminated drainage from coal refuse dumps. The technology for mixing
alkaline agents with coal refuse matcrials should be relatively simple and
is immediately effective.

There are also a few uncertain aspects conuccted with the use of
alkaline additives for coal rofuse materials, One uncertainty involves the
long term effcctiveness or pe::ancucy of the method. The durability and
immobility of the alkaline additives over long peologic perlods must be
demonstrated. Another potential drawback of codispusing alkaline additivies
with high sulfur coal refuse materials concerns the RCRA classification of
the resulting refuse-additive mixtures. It 1s not at all clear whether such
a mixture would be classified as hazardous or nonhazardous. As pointed
out earlicr, a hazardous RCRA desipnation could be quite costly for the
disposal site operater. Another somewhat negative aspect of refuse
codisposal with alkaline agents as compared io xcfu$e caleining, fer
example, is its low potential for by-product rccovery. The lack of such
potential, of course, negates the possibility of offsetting environmental
costs with rccovered product valuc,

Control cf trace clement. contamination of reiuse dump drainage

Water treatment is the best known and widely practiced of control
technologics. While we have evaluated known and recognized control methods
of water treatment for the coal waste drainages, (ion exchange, reversc
osmosis, oxidation, chelation), we are most interested incontrols that arce
realisiic in terms of cost and ease of implementation; these are most
necessary considerations in view of the enormous generation rate (greater
than 100 million tons per year) of the coal wastes. One area that we have
concentrataed on is pll control by means of alkaline ncutralization., The
effect of pll on drainzpes from hipgh suifur coal wastes in the Illinois Basin
has bcen 1avestigated extensively during the progress of our investigotions,
and in Tablce IV we show some values of TDS vs ph derived from experiments
conducted on laboratory pgenerated lcachates. During these studies, coal
wastes from three different coal cleaning plants werce used and the table

represcnls overall averages.



TABLE 1V

EFFECT OF pH ON TOTAL D1SSOLVED SOLIDS
FOR HIGH SULFUR COAL CLEANING WASTES

pl TDS (%)

o7 5.1
1.2
0.4
0.3
0.3

~N v -

fLilkaline neutralization is currently used extensively to treat acid
drainage from coal mines. While it is well known that alkaline ncutral-
ization is very effective in controlling the acid and overall salt com-
positions of mine waste waters, thce degree of control that this method
exerts over sone of the more highly leachable toxic trace elements remains
to be established, Elaboration of this latter point is the basis for the
study that we conductea in this area,

The experiments that we conducted were basically titrations in which
limestone, lime, or lve (NaOll) were added to one Jiter of contaminated
refuse drainaype until a predetermined pll value was reached, The soluations
(or slurries) were allowed Lo sit overnight, were filtered, the pli's were
measurcd, and the coupositions of the resulting scolutions were analvzed.

As are the othoer control technlques discussed in this reporvt, alkaline
neutralization has been shown to be an ceffective method for reducing or
abating trace clement contamination of coal refuse drainage. The nrojected
costs for such a treatment arce relatively low ($0.10 to $0.50 per ton of
cleaned coal) and the technique is relatively easy to apply, as evidenced
by the large number of neutralizztien plants already in operation to
treat acid mine drainage.

However, Insplteofl tue lew cost and case of application, alkaline
neutrallzation has some rather considerable disadvantapes. For cxample,
its usc never really treat= the source of contamination (i.e., Lhe refuse

itself) and treatment of drafnape from the aisposal site may be neoded
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almost indefinitely. Also, althouph the standard refuse disposal
practice at present involves burying the refuse on top of impermecable
linere, such as clay, to channel refuse dunmp drainage into treatment areas,
it is very difficult to insure that drajnage will not evertually escape
through er around these liners and thus negate the effectiveness of this
method, Another consideration that may make alkaline neutralization less
attractive involves the cost associated with mecting RCRA requirements.,
Yery possibly waste materials disposed of in a way which produces
contaminated drainage will be classified as hazardous. Thus the apparent
low cost of alkaline neuts.lization may have to be tempered with additional
costs needed to mect RCRA permit ond performance requirements. Finally
there is little opportunity for by-product recovery during or subsequent
to neutralization treatment. Thus the potentizl for realizing economic
gain in this way is quite low,.

Ve have described our three categories of control strategies and
have given cxauples of the effectiveness of each (see attached material

fr.m oral presentation),  The conclusiors are sumarized in lable V.,

TABLE V
UMMARY MATRIX YOR THREE CONTROL
TECENOLOGY OPTICNS

LIME ALKALINE
CALCINIHG  CODISFOSAL  TREATIAINT

D ] - ——

rev i eas ha s B Ge M b 44 Buv e ey IR —

HIGH ! | MODERATE LOY

~y

posn rvone b s e ¢ e - - c-—

EFFECTIVENESS o G200 600D

PROCESS CCLPLEXITY HIGR #ODERATE W OOERAT

TREATMENT DJRATION SHORT SHORT VERY LCNG

BY—PRODUCTS POTENTIAL HIGH NONE NONE

e

PERMANENCY CO0OD ? POOR

RCRA

N AT ARD 4 HAZARDTUS
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PREFERRED ORDER OF ENVIRONMENTAL
CONTROL STRATAGIZS FOR ACID COAL REFUSE

e Immobilize or remove toxic elements

o Prevent reloase of trace elernents
from refuse dump

e Treat contarmninated water from
refuse dump




IMMOBILIZATION OR REMOVAL
OF _THOXIC ELEMENTS

Calcine
Preleach acid forming constiluents

Preleach toxic trace elements




REFUSE CALCINING

To Immobilize the Toxic Contaminants
in Acidic Coai Rsfuse by Cocnverting
It to an Inert hicss by Heat Treaiment




MINERAL COMPOSITION OF ILLINOIS BASIN COAL REFUSE

MINERAL AVERAGE (WT %)
Clavs 37.3
Pyrite/Marcasi te 30.2
Quer tz 23.0
Calci te 0.4
Gypsum 0.5




EFFECT OF CALTCINING ON_COAL REFUSE MINERALOGY

TENMPERATURE
UNCALCINED
€00
&G0
1CG0

12C0

I
d

r- A ——— ———— S oy .o
-

(1




TRACE ELEMENT LEACHABILITY OF A HIGH SULFUR COAL
REFUSE SAMPLE CALCINED AT 1000°C

Element Uncalcined Refuse lcined Rafuse
Al 40 0.3
Fe 240 <0.02
Mn 2.3 0.02
Co 1.1 <0.01
Ni 1.€ 0.01
Cu 0.CG4 0.01
Zn 1.1 0.04
Cd{(ppb) 27 0.2
pH 2.9 8.0
T0°(%) 1.4 0.2

Lecchate concontration reported as ppm unless otherwiss noted

m 50g crushsd refuse/2C0 m! HoCG/48h




&G

ADVANTAGES COF REFUSE CALCINING

» HIGHLY EFFECT!VE

e PERMANENT POLLUTANT CONTROL

e SHORT TREATMENT DURATION

e HIGH BY—-PROZUCT RECOVERY POTENTIAL

e RCRA NONHAZAZQUS CLASSIFICATION




DISADVANTAGES OF REFUSE CALCINING

e HIGH COST

o POTENTIALLY COMPLEX TECHNOLOGY




REFUSE CALCINING

(COSTS iN OOLLARS PER TON OF CLEANED COAL)

FLANT A PLANT B PLANT €
LIME SCRUBBING 3.29 4.45 4.94
LItE/LIMESTONE SCRUBBING 2.14 2.80 3.08

307 SULFUR RETENTION 1.80




PREVENT RELEASE OF TOXIC ELEMENTS

e Codispose with neutralizing sgents
e Codispose with sorbents
o Appiy refusa dump sealants

e Usc refuse for something else

A




LiME CODISPOSAL

The Codisposcl of Lime with Coal Refuse
to Control the Acidity of Refuse Leachates

and Prevent the RBalecase of Toxic Contaminants
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LEACHABILITY OF REFUSE/LIME MIXTURES

Cont rol Refuse+3Z Lima Refuse+10% Lime
2 7 12
4 0.4 0.5
720 <0.6 <0.5
7300 40 <0.1
22 i <0.02
12 0.3 0.1
13 0.5 0.1
23 0.1 0.02

Volume/Refuse ~ 0.7
Valuss In ppm of leachate




ADVANTAGES OF L IME CODISPOSAL

o MODERATE COS&T
 HiGHLY EFFECTIVE
e SHORT TREATMENT DURATION

o RELATIVELY SI{MPLE TECHNOLOGY

s

%




DISAGDYANTAGES CF LIME CODISPOSAL

o UNKMCWN PERMANENCY
* LOW BY-PRODUCTS RECOVERY POTENTIAL

e RCRA CLASSIFICATION IN QUESTION

GG




LIME CODISPOSAL

COSTS IN DOLLARS PR TON OF CLEANED COAL

PLANT A

PLANT B PIANT C

257% OF THECRETICAL LIME 0.58

0.82 0.93




TREATMENT OF CONTAMINATED REFUSE DRAINAGE

Alkaline Neutralization

lon Exchange

Reverse Osmosis

Chelating or Complexing Agents
Freazing or Distilling

Biolcgical Treatment
Precipitating Agents

Sslectiv2 Sorbents

O 0 9 o © O 9
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ALKALINE NEJTRALIZATION

The Use of Alkaline Agents to Reduce
the Acidity of Coa: Refuse Leachates and
Remove Toxic Elemrents by Precipitation




ALKALINE NEUTRALIZATION OF CONTAMINATED REFUSE DRAINAGE

Ccnt ro! Lve Limestone Lime

pH 1.1 6 7.1 6.6
TDS{%) 0.5 3.4 5.2 3.2
Al 18 <0.2 <0.2 <Q0.2
Fe 820 0.C6 0.3 0.3
Mn 3.6 0.07 6.4 1.0
Co 2.0 0.05 1.0 0.6
Ni 3.2 C.C5 1.0 G.7
A 3.9 0.02 C.1 0.1

Vaiues 1n ppm of effluent
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ALKALINE NEUTRALIZATION

(COSTS IN DOLLARS PER TON OF CLEANED COAL)

DLANT A PLANT B

PLANT C

LIME PRECIPITATICN 0.09 0.83

0.06




MASTER GRID SUIMYARY OF ENVIROMMENTAL CONTROL OPTIONS

COST

EFFECTIVENESS
PROCESS OO PLEXITY
TREATHENT DURATION
BY-PRCDUCTS POTENTIAL
PERUANENCY

RCRA

LIME ALKALINE
CALCINING ~ CODISPOSAL  TREATENT
N _
Hi GH LODERATE LCY

e V| o ! ooon
HIGH | NODERATE | | MODERATE
SHORT SHORT | |VERY LONG
PTSTR B - NONE
GCOD N ? POOR

NO HAZARD ? HAZARDOUS




